We compare cost of illness (COI) with stated preference estimates of willingness to pay (WTP) associated with shigellosis in a rural area of China, using culture-confirmed shigellosis data. Average COI estimates (US$6.1) approximate an upper bound estimate of WTP, when preventive expenditures are nonexistent and the disutility due to pain and suffering is not large.
Introduction
Diarrhea is a leading cause of morbidity and mortality from communicable disease in developing countries, and bacillary dysentery caused by shigellosis remains a major source of diarrhea. The global burden of shigellosis has recently been estimated at 165 million cases per year, of which 163 million were in developing countries (with 1 million deaths annually) (Kotloff et al., 1999) . A total of 69% of all episodes and 61% of all deaths attributable to shigellosis involve children less than 5 years of age (Kotloff et al., 1999) .
In China, despite strong economic growth, bacillary dysentery remains the third most prevalent disease (Wang et al., 2004b) . In 2000, 1.5 to 3.2 million episodes of bacillary dysentery occurred in China (Wang et al., 2004b) . Approximately 17% of those afflicted were hospitalized. Antibiotics are frequently prescribed for bacillary dysentery in China, and overuse of antibiotics have increased multiantibiotic resistance (Wang et al., 2004a (Wang et al., , 2004b . The costs associated with an episode of shigellosis include out-of-pocket expenditures and lost economic opportunities, which places a burden on afflicted individuals, their families, and the society at large. Ours is the first study to attempt to estimate the magnitude of the socioeconomic costs associated with shigellosis in China.
A number of methodologies have been proposed for health outcome valuation, including estimation of the costs of morbidity, usually termed the cost-of-illness (COI) approach. Another, increasingly common method for evaluating the costs of morbidity and mortality, the stated preference approach, measures individual welfare change associated with a disease by directly questioning individuals in a survey, usually about their willingness to pay (WTP) for specific improvements in treatment or prevention. The COI approach is based on estimation of the direct and indirect costs associated with a disease. It may be used to estimate the "public" costs to a community or society of treating infected individuals, or "private" (out-of-pocket) costs to individuals, or both. (The present study was concerned exclusively with private costs.) It is widely accepted that COI measures provide a lower bound for the theoretically correct measure of willingness to pay (Harrington & Portney, 1987) . The few empirical studies in U.S.
populations that have compared willingness-to-pay (WTP) estimates with COI estimates have found that WTP is at least 1.6 to 8.0 times larger than COI (Rowe & Chestnut, 1985; Chestnut et al., 1988 Chestnut et al., , 1996 Dickie & Gerking, 1991a; Alberini & Krupnick, 2000) . (See Table 1 .) The surveys involved both ex ante and ex post approaches in eliciting estimates from individual respondents. Ex ante (literally "from beforehand") estimates concern prospective costs/benefits of a particular action or experience, if it were to occur; ex post ("hindsight") estimates reckon costs/benefits from an action or experience that has already occurred.
Our approach compares estimates of private COI with WTP estimates obtained from the same individuals, all of whom had recently experienced shigellosis either as an adult patient or as caregiver to a child patient. These estimates are based on data collected in the course of a combined epidemiological and economic study conducted in a rural area in Hebei Province, China, in 2002. The epidemiological component of the study was conducted through a population-and treatment-center-based surveillance system in which the diagnosis of shigellosis in patients was confirmed by laboratory tests. In the economic study, patients with laboratoryconfirmed shigellosis (or their caregivers) were asked to answer questions about their out-ofpocket expenditures and lost earnings associated with shigellosis. Respondents were also asked about their willingness to pay to avoid another episode of shigellosis like the one they had just experienced.
By comparing self-reported COI with stated-preferences estimates of WTP, we aimed to test three hypotheses. First, although economic theory posits that COI measures are a lower bound on WTP measures, in the present situation we expect COI measures to approximate WTP measures, because (1) preventive expenditures to avoid shigellosis were not existent in the study population, (2) the disutility (pain and suffering) associated with shigellosis was not large, and (3) people did not believe the illness to be fatal. Second, several studies have found that willingness to pay for improvements in health may vary depending on whether adults, or children, are involved. We thus tested whether age was a significant determinant in explaining any disparity between COI and WTP measures in our survey. Third, we expected that an individual's willingness to pay to avoid another episode of shigellosis would be positively associated with the out-of-pocket expenses incurred during that individual's recent episode of the disease.
The study reported here is the first to estimate costs or benefits associated with shigellosis in China, to obtain economic data from laboratory-confirmed shigellosis patients in China, and to compare COI estimates with WTP estimates obtained in the same time period from the same individuals.
Background
Shigellosis is a disease characterized by diarrhea, often containing blood and mucus, accompanied by fever and abdominal pain (Keusch & Bennish, 1998) . Incidence in China in 2000 was 0.8 cases per 1,000 persons (Wang et al., 2004b) ; morbidity and mortality due to shigellosis were highest in children under 5 years old (Wang et al., 2004b) . Annual incidence in our study area in 2002 (4.4 cases per 1,000) was much higher than that national rate. Incidence was highest in children 3-4 years of age (32 cases per 1,000) and in people more than 60 years of age (7 cases per 1,000) (Wang et al., 2004c) .
Most of the diarrhea episodes identified in our epidemiological study, including those that were ultimately diagnosed as shigellosis, received early treatment with antibiotics (e.g., oral gentamicin, norfloxacin, or ampicillin), oral rehydration solution, and antidiarrheal medications (Wang et al., 2004a) . Individuals residing in the study area were within 10 minutes' walk of a health care facility, and village health workers frequently prescribed antibiotics for diarrhea and dysentery. More than 90% of shigellosis episodes in the study area proved resistant to antibiotics such as co-trimoxazole, ampicillin, and nalidixic acid. To date, resistance by Shigella strains to nalidixic acid, the first-line drug recommended by WHO for the treatment of shigellosis, has barely been observed in China (Kain et al., 1991) .
Improvements in water supply, sanitation, food safety, and community awareness of preventive measures are the basic public health measures used to prevent cases of diarrheal disease. But in areas where those basic interventions cannot be implemented in the near future, the introduction of vaccines has also been considered as an option for preventing shigellosis.
Continuing efforts to develop shigellosis vaccines have seen little success because shigellosis antigens are highly serotype-specific, and there may be little or no cross-protection between species and serotypes (WHO, 1997; Acosta et al., 2004) . To date, the only licensed vaccine against shigellosis is the FS vaccine, which can be purchased in China (Acosta et al., 2004) . It is licensed only for people aged 5 and above (Tu et al., 1999) , but the major burden of Shigella infection is among children aged 1-4. In addition, FS is expensive, and individuals must pay for it as a non-Expanded Program of Immunization (EPI) vaccine, which results in limited use in poor, rural areas where it is most needed (DeRoeck & Nyamete, 2001) . (The Chinese government provides the basic EPI vaccines-BCG, OPV, DPT, measles-virtually free of charge; others, like FS, can be obtained by users on a full-fee basis.)
Data and methods

The passive surveillance study
The study area consists of 29 villages in four rural townships (Nan Gang, Nan Niu, Wu Xing, and Yong An) in Zhengding County, Hebei Province, China. Total population of the four townships in 2000 was 77,121. Most residents depend on agriculture for their living.
All health care providers working in the 101 village clinics and four township hospitals in the study area were included in the shigellosis surveillance system. Between January 1 and December 30, 2002, 10,105 diarrhea or dysentery cases were detected. For each patient, health care providers completed a case report with information on the patient's medical history and physical examination; project staff then collected two rectal swabs or a stool specimen. The specimens were packed in a refrigerated box and delivered to a central laboratory, usually within less than 4 hours after collection. Laboratory-confirmed shigellosis cases amounted to 331 (3%) of all diarrhea or dysentery cases reported.
Cost-of-illness (COI) data
Of these 331 culture-confirmed shigellosis patients, 307 (202 adults and 105 primary caregivers for children aged 0-17) completed personal cost-of-illness (COI) questionnaires at 7 and 14 days after the diagnosis, through face-to-face interviews. Respondents reported their households' out-of-pocket expenditures related to treatment and recovery along with missed days of work or school due to the illness. For analysis the resulting data were categorized as reflecting direct medical, direct nonmedical, and indirect costs. Direct medical costs were expenditures on laboratory tests, medicines, treatment, and overnight stays in health facilities.
Direct nonmedical costs were expenditures on transportation, lodging, and meals during treatment and recovery. Indirect costs, defined as lost productivity, were calculated as the product of days of work missed by the patient and all household members and the monetary value of lost productivity, proxied by the average daily wage (for adults) in the study area. The daily productivity losses for sick children were assumed to equal 25% of the average daily adult wage for children aged 0-9 and 50% of the average daily adult wage for children aged 10-17. It is important to state here that although WTP estimates often concern ex ante (prospective, future) costs and benefits, the WTP estimates from our sliding-scale questions are ex post measures. A person's valuation of a change in health status may depend on whether the condition is described as a current or past outcome of infection, or as a potential or future outcome of infection (Johnson et al., 1998) . Ex post, or certain (that is, not potential) WTP estimates require respondents to assess the prospect of expenditure on the basis of prior or present-day experience-in our case, to consider the prospects of reduced duration or severity in another infection with shigellosis, given that the respondents have been, or are, infected with the disease. Ex ante, or potential, WTP measures require respondents simply to assess future possibilities-that is (to continue our example), to consider the possible costs of becoming infected whether or not they had any experience of the disease. When unaffected individuals are asked to evaluate prospective costs of contracting a disease, they may be uncertain about the likelihood of becoming infected, their opportunities for avoiding infection, the degree of severity if they were to become infected, or many other factors that might affect their welfare. (On uncertainty see, further, Morgan & Henrion, 1990 .) By contrast, when we asked respondents who had recently experienced shigellosis about their willingness to pay "to avoid another episode of shigellosis like the one just experienced," they were fairly certain about the welfare losses associated with their episode of the illness, such as expenditures to treat the disease, lost productivity, and disutility (pain and suffering) due to the disease. Because their WTP estimates represent their reflections on existing experience, our analysis is concerned with ex post measures. Our valuation questions were carefully designed to ask respondents to speculate about a situation in which they would definitely become infected in the future to the same extent as they had already experienced, and then asked how much they would be willing to pay to avoid such a condition.
Willingness-to-pay (WTP) data
Comparing COI and WTP measures
In fact, in this study both WTP and COI are ex post estimates. COI is an ex post estimate of the costs actually incurred by the patient (and family), made after having experienced an infection; WTP is an ex post measure of the benefits of avoiding infection. As mentioned above, WTP estimates often are ex ante and are expected to be larger than ex ante COI. To discover whether or to what extent the same might be so for our ex post WTP and ex post COI measures, we compared our estimates using models developed by Freeman (2003) , Dickie (2003) , and Harrington & Portney (1987) .
Marginal willingness to pay for an improvement in health outcomes is typically analyzed in terms of four elements: lost earnings, medical expenditures, the disutility of illness (monetized by dividing by the marginal utility of income), and preventive (also termed defensive or aversive) expenditures, the costs of actions taken to prevent or reduce adverse health effects (Harrington & Portney, 1987) . COI measures the first two of these elements but fails to capture the other two: it is not a good approximation of WTP because it does not measure disutility (pain and suffering) or preventive expenditures (Harrington & Portney, 1987; Kenkel, 1994) .
Policymakers nevertheless often prefer COI estimates because of their interest in the budgetary effects of health policy interventions, their ambivalence about the usefulness of economists' welfare-theoretic estimates of economic benefits, and their skepticism about the accuracy of stated preference techniques. Our comparative analysis, based on ex post COI and ex post WTP measures and thus grounded in experiential data yet geared to address issues of disutility and prevention, demonstrates an analytical strategy that could counter some of those misgivings.
Results
Socioeconomic and demographic characteristics of the sample respondents
In total, the 202 adult patients and the 105 primary caregivers (for patients aged 0-17) completed two survey interviews (7 and 14 days after diagnosis of shilgellosis). Table 2 summarizes the socioeconomic and demographic characteristics of the sample. Average period of illness from shigellosis was 4.5 days. More than half of working-age adult patients (105 of 202) lost two days' wages due to shigellosis, and about the same proportion of children aged 6-17 years (31 of 55) missed two days of school. Most patients did not have substitute laborers to replace their labor while they were sick. Household members did not miss any work while taking care of patients at home or while accompanying patients to health care providers for treatment and recovery.
We also inquired about personal and household attributes and preventive behaviors that might reduce risk of infection with shigellosis. A large majority of patients (more than 70%) reported that they always washed their hands with soap and boiled water for drinking and cooking. Consumption of "street food" (from vendors), presumed to be more at risk of contamination than home cooking, was scored in terms of comparative frequency of the behavior (about 50% of respondents reported eating street food less than 3 times a week). Table 3 presents the components of ex post private COI per episode for children and for adults using the official exchange rate as well as a purchasing power parity (PPP) exchange rate.
Univariate analysis COI measures
Purchasing power parity is used both to eliminate the difference in price levels between countries and (in the present case) to reflect inflation in China. Chinese yuan are converted to the amount in a common currency (in this case US dollars) that can purchase the same quantity of goods and Generally, average private COI for children (US$6.2) [US$28.5 PPP] and adults (US$6.1) [$28 .1] were similar in magnitude. Owing to the nonnormality of the COI estimates, the Wilcoxon rank-sum test (Freund & Walpole, 1980) was used to test the difference between child and adult cases for total COI. The rank-sum test indicates that average total COI for children and for adults is not significantly different (p = .15).
Direct medical costs per episode were US$5.6 [US$25.7 PPP] for children and US$3.9
[$17.9 PPP] for adults. Direct COI accounted for 97% of total private COI for children; direct nonmedical and indirect costs accounted for only 3% of total private costs. As shown in Table 4 shows total COI by age group using traditional exchange rates as well as PPP exchange rates. Average COI for children aged 2-5 years (US$6.8) [$31.3 PPP] was higher, followed by adults (US$6.1) [$28.1] , older children (6-17 years, US$6.0) [$27.6] , and infants (0-1 years, US$4.8) [$22.1] . The total range in average costs was $2.0 [$9.2 PPP], representing a 42% rise from lowest to highest. Nevertheless, the rank-sum tests indicate no significant difference between any pair of two age groups (p = .01, z = -.40).
Stated preference (WTP) measures
When replying to our sliding-scale WTP questions based on the payment card, eleven respondents (3.9%) indicated that they would not want to pay anything to avoid a future episode of shigellosis as severe as the one just suffered. For all ages taken together, average lower bound of WTP estimates was US$2.8 [$12.8 PPP] , and average upper bound was US$6.1 [$28.0] (see Table 4 ). Estimates were compared using the Wilcoxon rank-sum test, as data were not normally 
Comparison of COI to WTP measures
For our entire sample (adult patients, and child patients as represented by their adult caregivers) the average self-estimated private COI of a recent episode of shigellosis was US$6.1 Further, when caregivers of child patients are subcategorized as parents or nonparents, lower and upper bounds of WTP for children whose primary caregivers were parents (US$6.4, US$14.8) [$29.4, $68.1 PPP] were approximately three times greater than those for children whose primary caregivers were nonparents (US$2.0, US$5.0) [$9.2, $23.0] (p =.006). COI for children whose caregivers were their parents was not significantly different than COI for children with nonparental caregivers (p =.70). We interpret these results to mean that the disutility to parents caused by their children's shigellosis was much higher, and that altruistic willingness to pay to protect their own children from the disease may be one of the main reasons for the great disparity between COI and WTP estimates. We speculate that this result may be widespread in China because of nation's "one child" policy: parents might have higher disutility from sickness in an only child.
WTP and COI estimates also vary by township (Table 5 ). For children, COI estimates from respondents living in Nan Gang, the poorest town in the study area, were lowest (US$2.9) 
Multivariate analyses
Choice of model
The model used in a multivariate data analysis depends in part on the shape of the distribution of the dependent variable. We chose to examine the distribution of private COI, lower bound WTP, and upper bound WTP. After drawing a step-line based on nonparametric frequencies, we estimated several parametric survival models, including log-normal, log-logistic, and Weibull. We used the Akaike (1974) Information Criterion (AIC) to choose the best-fitting model.
† To compare non-nested models, each model's log likelihood was penalized by the number of parameters being estimated. Although the best-fitting model is generally the one with the largest log likelihood, the preferred model is the one with the lowest value of AIC. The
Weibull was ultimately chosen as best fitted. Figure 5 shows that the smooth Weibull parametric graph fits the nonparametric density function for COI measures. ‡ This information on private COI and WTP estimates can thus be analyzed using survival analysis techniques. A survival function, S(x), constrains t* to be a positive random variable and can be interpreted as a reduced-form description of the probability that an individual's COI or WTP is at least as great as x. That is:
where ) (⋅ F is the cumulative distribution function for x. † For parametric survival models, the AIC is defined as AIC =
, where k is the number of model covariates and c the number of model-specific distributional parameters. ‡ Smooth Weibull graphs and step functions based on nonparametric density for lower and upper bounds of WTP were also drawn. Their fitness looked similar to the one shown for COI, so they are not presented here.
Choice of variables for the multivariate analysis
To further investigate the determinants of COI and lower bound of WTP estimates, we estimated Weibull models for both sets of data. Demographic variables include age, sex, township of residence, whether the adult respondents worked for wages, and weekly food expenditure. Age is generally found to be the most consistent predicator of WTP and COI measures.
We omitted income from our model specifications owing to a lack of the good income measures for our sample. Proxy income variables such as expenditure on electricity and water were not appropriate because government subsidies for these commodities distort the relationship between such expenditures and income. Because it was not subsidized by the government, expenditure on food or health care was an acceptable proxy for income, but our data on respondents' health care expenditures during the week before they presented at health care facilities was strongly correlated with COI measures. Ultimately we retained respondents' status as wage-earner (yes/no) as a variable related to type of employment, not directly to income.
Our Weibull models of the determinants of lower bound WTP estimates include variables measuring direct COI and preventive behaviors. To test whether a respondent's WTP to avoid another episode of illness is related to out-of-pocket expenditures due to the illness, the direct COI estimate is included in these models. We would expect to see a positive relation between lower bound WTP and direct COI.
Costs of preventive behavior are important components in explaining disparity between COI measures and WTP measures (Dickie, 2003; Dickie & Gerking, 1991a; Harrington et al., 1989) . However, it is not clear just how to measure the cost(s) of averting a single episode of shigellosis. A list of such preventive activities might include personal hygiene (careful handwashing after using the toilet, or washing hands with soap), safe food preparation, boiling drinking and cooking water, protecting sources of food and water from contamination, and practicing hygienic disposal of household wastes. To take hand-washing as an example, preventive expenditures would include the cost of obtaining soap, the cost of water (if any), and the cost of time spent washing hands. Computing such expenditures is problematic because preventive actions produce joint products (see Dickie & Gerking, 1991a) . In our case, for instance, hand-washing reduces the risk not only of shigellosis, but also of other diseases.
Moreover, the number of times the hands must be washed to prevent a single case of shigellosis is unknown. For these reasons we shifted focus slightly and examined how preventive behaviors (rather than preventive expenditures) affected COI and WTP estimates. To measure preventive behaviors, we recorded how consistently the respondent washed hands after visiting the toilet, how consistently the respondent's household boiled its drinking and cooking water, and how consistently the respondent's household avoided consuming food purchased from street vendors. Table 6 presents results from our Weibull models. The dependent variable for the first three specifications is the total private (out-of-pocket) COI estimate. The dependent variable for the other three specifications is the lower bound WTP estimate. Individual characteristics such as age, township of residence, gender, and weekly food expenditures are included in all six models. Models 4 through 6, the WTP models, also include variables indicating whether the respondent worked for a wage, preventive behaviors, and the number of sick days. These variables are excluded from the COI specifications because (1) lost wages and number of sick days are components of COI; and (2) more frequent preventive behaviors can reduce the morbidity, but probably not the severity, of diarrheal disease, whereas COI measures may have a positive relation to severity of shigellosis.
Determinants of COI and lower bound of WTP estimates
Among models based on all cases (1 and 4), no age group variable is significant in the COI model (model 1), but in the WTP model (model 4), ages 0-1 and ages 2-5 are significant.
Children aged 0-5 have higher WTP than school-age children and adults, consistent with univariate analysis. Respondents who lived in Nan Gang had lowest COI and WTP measures, perhaps because Nan Gang was the poorest town of the four in our survey area. As hypothesized, region variables may reflect income levels. Respondents who lived in Nan Niu also had comparatively low COI, but they expressed higher WTP estimates than those living in the other townships, consistent with the results of univariate analysis. Respondents' gender was not a statistically significant factor in the WTP models. Other things being equal, most recent weekly food expenditure was not significant in lower bounds of WTP models, but in COI models it is associated with increases in total COI.
In the model of lower bounds of WTP (Model 4), adult wage-workers expressed significantly higher WTP than non-wage-workers. With regard to the coefficient on the direct COI variable in the WTP models, the lower bound of WTP increases with direct COI, though the magnitude of the effect is small. A few empirical studies that compared WTP with COI have reported COI coefficients of -0.043 for natural logarithmic value of out-of-pocket medical expenses (Rowe & Chestnut, 1985) , 0.016 for household direct COI (Cropper et al., 2004) , and 31.26 for out-of-pocket expenses plus income loss (Chestnut et al., 1988 (Chestnut et al., , 1996 . Only the household direct COI coefficient (Cropper et al.) was statistically significant. Models 5 and 6 were estimated separately for adults and for children (aged 0-17).
Children's caregivers' WTP estimates were not affected by direct COI (Model 6). Conversely, WTP estimates for adult patients increased with direct COI (Model 5). These results suggest that when adult patients estimated WTP to avoid another episode of illness for themselves, they primarily considered the prospective monetary loss, such as medical expenditure. But when adult caregivers estimated the value of avoiding another, similar episode of shigellosis in their children, direct costs of medical treatment were not a primary concern.
Frequency of consumption of street food (especially among children) was a significant determinant of the lower bounds of WTP measures, but washing hands was not. The finding that hand-washing was not a significant variable was unexpected, as several studies in recent decades have demonstrated that improvements in hand-washing practices can lead to an appreciable reduction (14 to 40%) in morbidity caused by diarrheal disease (Black et al., 1981; Kaltenhaler et al., 1988; Pinfold et al., 1988; Rahman, 1983; Stanton & Clemens, 1988; Wilson et al., 1991) .
Several explanations can be offered for this nonrelationship between hand-washing and WTP estimates in our data. (1) Respondents might have attributed recent experience with diarrhea to consumption of street foods more readily than to other causes. (2) Respondents might have adopted preventive behaviors for general hygienic purposes, not simply to avoid only one episode of shigellosis. (3) Respondents were asked only about the frequency of hand-washing with soap, whereas the important criterion may be adequacy of the procedure, not frequency. Hoque and his colleagues (1995a, 1995b) found that most respondents (in a survey in Bangladesh) said they washed their hands after defecation, but the methods varied. Hoque further reported (2003) that after post defecation hand-washing, the hands remained highly contaminated when washing procedures were not adequate. (He defines appropriate procedure as use of both hands, use of a cleansing agent, rubbing hands with the agent, rinsing with water, and drying.)
Conclusion and discussion
This study analyzes ex post private cost-of-illness (COI) and ex post willingness-to-pay average of 15% of their monthly income due to their recent episodes of illness. They would be willing to pay from 7% to 15% of their monthly income to avoid the certain prospect of having another episode of shigellosis as severe as the one just experienced. That is, on average, patients and adult caregivers for children were willing to pay, at a maximum, about the same amount of money to prevent another episode as they had paid to cope with a recent bout of shigellosis.
Comparing COI and WTP estimates, we see that caregivers' willingness to pay to avoid another episode of shigellosis for child patients was 1.5 to 1.7 times higher than WTP estimates for adult patients. Multivariate analysis showed that when adult patients estimated WTP for themselves, they apparently primarily considered the monetary loss that they had experienced with their recent episode of illness. Estimates from caregivers indicate that out-of-pocket expenditure was not a primary concern when they contemplated another shigellosis infection in child patients who had recently had the disease.
According to Harrington & Portney (1987) , WTP in health contexts is typically analyzed in terms of four elements: medical expenses, lost wages, preventive expenditures, and the monetized value of the disutility of illness. COI measures are only the sum of medical expenses and lost wages. In an ex post analysis like ours, preventive expenditures do not exist or are immeasurable. Thus the dollar value of the disutility of the disease (in our case, shigellosis) becomes a primary influence in the gap between COI and WTP.
A second finding of interest from our ex post analysis was that although for children aged 0-5 years, lower bound of WTP estimates was similar to COI, the COI estimates for patients aged 6 years and older were close to the upper bounds of their WTP estimates-a result inconsistent with received opinion and published analyses of similar work.
Third, we note that WTP increased with COI, especially for adult patients, but not for child patients. We conclude that because for adults the disutility associated with one episode of shigellosis is not large, their estimated present COI is close to their upper bound of WTP for avoiding another, equally severe episode of the illness. But for children the disutility due to the disease is large enough to make their caregivers' COI estimates equal to the lower bound of their WTP, probably because parents cared a great deal about the pain and suffering their children had experienced and would not wish them to endure future infections of the same severity.
Our WTP measures for avoiding another episode of shigellosis have limitations for generalization, as we interviewed only subjects who had recently suffered an episode of the illness. Because the study area was rural and poor, and poor households may have been more likely to acquire shigellosis, our sample respondents' WTP estimates might be lower than what would be expected among the general population. On the other hand, because respondents in our sample had recently experienced shigellosis, their willingness to pay might be much higher than among the general population, who lacked immediate experience of the disease. Figure 5 . Nonparametric probability density function and parametric Weibull probability distribution fitted to total estimated private COI due to an episode of shigellosis (all ages) *For the purpose of presentation, this figure censors the total private COI at US$30. Table 1 . Summary of empirical analyses comparing COI to WTP measures. a PPP values are calculated as shown in Table 3 . 
